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Preface
The motivation for writing the first edition of this book was to provide entry-level
students and practicing clinicians with a practical guide for learning the art and
science of joint mobilization/manipulation. Since the publication of the first edition in
1993, much has changed in the discipline of manual therapeutic techniques. One
notable change is the increased emphasis on evidence-based practice. Implicit in the
use of evidence-based practice is the critical appraisal of theories and techniques that
are commonly used to evaluate and treat patients using the best available research.
I firmly believe that we serve our patients most effectively when we consistently
apply results from clinical research to our decisions regarding patient care. In this
edition, I have incorporated information from available research regarding evaluation
and intervention techniques associated with joint mobilization/manipulation. There is
much we have yet to learn about this discipline, and I have identified some of the areas
in which additional research is needed. I trust that with the changes and additions to
this second edition, I have provided the reader with an important resource for
advancing the understanding and implementation of effective evaluation and
treatment procedures involving mobilization/manipulation of the extremities and
spine.
Susan L. Edmond, P.T., D.Sc., O.C.S.
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How to Use This Manual
This book was designed to provide the student of manual therapy with a text to
accompany formal coursework as well as a resource for self-teaching joint
mobilization/manipulation techniques. Suggestions for how this book can further
assist in the learning of these manual techniques come in the following paragraphs.
If the student is practicing these techniques with another student, then one student
can act as the patient, while the other student can act as the therapist. The ‘patient’
should read the description of the technique while the ‘therapist’ performs the
technique on the ‘patient.’ Both clinicians should examine the description of the
technique, comparing it with the manner in which the technique is being performed,
and provide feedback regarding whether the technique is being executed correctly. The
‘patient’ then changes roles to ‘teacher’, and directs the ‘therapist’ to carry out
additional tasks related to clinical situations, such as performing a specific grade of
mobilization/manipulation, or performing the technique in the restricted range for a
specific direction. Again, both clinicians critique the manner in which the procedure is
executed.
Also, the student might find it helpful to mark the photographs in the book with a
symbol designating the stabilizing hand (such as an X) and the mobilizing/
manipulating hand (such as an → or an O). This should be done after the student has
read the description of the technique, so that the specific information (regarding
which bone to stabilize and which bone to mobilize/manipulate when performing a
specific technique) is reinforced during the process of marking the photographs.
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General Concepts
DEFINITION
Joint mobilization has been defined by Maitland1 as an externally imposed, small-amplitude passive motion that is
intended to produce gliding or traction at a joint. Joint manipulation traditionally has been defined as a specific
technique in which the articular capsule is passively stretched by delivering a quick thrust maneuver to the joint,
and has been considered by many clinicians to be a particular type of joint mobilization technique. In an attempt to
consolidate these definitions, the American Physical Therapy Association2 presented the following definition of
mobilization/manipulation: a manual therapy technique comprising a continuum of skilled passive movements to
the joints or related soft tissues (or both) that are applied at varying speeds and amplitudes, including a smallamplitude/high-velocity therapeutic movement. This definition encompasses multiple techniques, including those
referred to by Maitland1 in the aforementioned definition (called passive accessory mobilization/manipulation),
passive joint movement techniques induced by active contraction of the patient’s own muscles (called muscle
energy), and passive joint movements that occur simultaneously with active range of motion (called mobilization
with movement) or passive range of motion (called passive physiological mobilization/manipulation). As a general
rule, passive accessory joint mobilization/manipulation and passive physiological joint mobilization/manipulation
can be performed using either quick thrust or slower amplitude maneuvers, whereas muscle energy and
mobilization with movement are performed using slower maneuvers.

HISTORY
Joint mobilization/manipulation has been a part of medicine since recorded history. There is some evidence that
manual techniques were used in Thailand around 2000 B.C. as well as in ancient Egypt. Hippocrates used manual
traction in the treatment of spinal deformities. In Europe during the 1600s, bonesetters developed an entire practice
consisting of joint mobilization/manipulation techniques. This discipline persisted throughout the 1800s. Although
ignorant of much of the anatomical and physiological basis for mobilization/manipulation, bonesetters used a series
of techniques that were often successful in reducing pain and deformity.
The practices of osteopathic and chiropractic medicine were conceived of in the late 19th to early 20th century.
Osteopathic and chiropractic medicine are based on the theory that diseases, including spinal conditions, are due to
vertebral joint impairment. Some of the techniques practiced by osteopaths and chiropractors resemble those of
bonesetters.
Osteopathy is based on the premise that disease processes frequently manifest themselves in the
neuromusculoskeletal system, resulting in somatic dysfunction. Somatic dysfunction is defined as impairment in the
skeletal, arthrodial, and myofascial systems with resultant alteration in vascular, lymphatic, and neural tissue.
Manipulative therapy is believed to normalize the somatic system.
The osteopathic neuromusculoskeletal examination includes a determination of the presence of joint asymmetry,
joint movement restrictions, and soft tissue texture changes. Treatment includes manipulation, mobilization, and
muscle energy, among other techniques.
Chiropractors also believe that disease processes can manifest themselves in the neuromusculoskeletal system,
causing somatic dysfunction, although they place greater emphasis on the role of the spinal nerves. The chiropractic
examination also focuses primarily on joint asymmetry and restrictions, and treatment most often consists of thrust
joint manipulation.
Osteopaths continue to use mobilization/manipulation as an adjunct to medical intervention, but have expanded
their education to a level comparable to that of medical physicians, with additional training in mobilization/
manipulation. Most chiropractors now believe that most diseases cannot be cured by spinal manipulation and focus
3
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their treatments to address specifically spinal impairments. Both of these disciplines have contributed to the
knowledge base of manual therapy as currently practiced by physical therapists.

PRACTITIONERS CONTRIBUTING TO THE KNOWLEDGE BASE OF JOINT
MOBILIZATION AND MANIPULATION
Numerous practitioners, including medical physicians and physical therapists, have contributed to the current
knowledge base of joint mobilization/manipulation evaluation and intervention techniques.

Mennell
Mennell developed the concept that joint adhesions are a common cause of joint impairments, as they alter
movement between two joint surfaces. He advocated that clinicians evaluate patients for loss of joint motion. He
also promoted the concept that this loss of joint motion could be treated effectively with mobilization techniques.

Cyriax
Cyriax was an orthopedic physician who contributed to the development of a system of examination of patients with
musculoskeletal impairments commonly used by physical therapists. This system focuses on using different tests to
selectively isolate one soft tissue from another to determine which soft tissue is responsible for the patient’s symptoms.
He advocated including mobilization as part of this examination. Cyriax also brought into common use some of the
thrust joint manipulation techniques practiced today, many of which were developed to treat spinal disc conditions.

Kaltenborn
Kaltenborn proposed that the clinician should evaluate patients for joint mobility restrictions and soft tissue changes,
and treat with glide and traction mobilizations. Glide mobilization interventions should be performed in a specific
direction, based on the evaluation of the restriction in range of motion and the shape of the articular surface. He
also developed the concepts of close-packed and loose-packed joint positions; testing with compression, distraction,
and gliding; and a three-grade (I, II, III) categorization system for describing joint mobilization techniques.

Maitland
Maitland is a strong advocate of performing a thorough examination on each patient to determine the position,
movement, or test that reproduces the patient’s symptoms. This examination includes testing osteokinematic
(physiological range of motion) and accessory (joint) movements. Maitland also developed a system of determining
the “irritability,” or acuity of a patient’s symptoms, based on the intensity of symptoms as they relate to the physical
examination and to functional activities, and an intervention strategy in which the aggressiveness of treatment is
based on this determination. Intervention often includes joint mobilization/manipulation. The direction of the
intervention mobilization/manipulation is determined primarily by the direction of the examination technique that
reproduced symptoms. Maitland also developed the four-grade (I, II, III, IV) categorization system of mobilization
intervention techniques that is in common use today and extended this system to include grade V thrust
manipulations.

Mulligan
Mulligan built on the approach established by Maitland. He advocates combining joint mobilization/manipulation
techniques with active range of motion, a technique he calls mobilization with movement. This technique entails
applying a mobilization force to a joint while the patient performs a specific movement. Mulligan believes this
method of joint mobilization/manipulation is effective in correcting mechanical impairments such as positional
faults and increasing joint range of motion.

Paris and Grimsby
Also worthy of mention for their roles in the development of manipulative therapy are Paris and Grimsby,
who helped to systematize and disseminate information regarding mobilization/manipulation to clinicians.
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Paris proposed that intervention should focus on correcting joint mobility impairments, thus minimizing the
role of pain.

Summary
The role of joint mobilization/manipulation in the evaluation and intervention of movement impairments is
strongly influenced by the experiences, insight, and charisma of numerous clinicians. In some cases, these different
philosophies and strategies of mobilization/manipulation evaluation and intervention conflict with one another.
Little, if any, research has compared the specific tenets of these various philosophies with one another. At this time,
it is unclear whether or under what circumstances choosing one discipline or practitioner’s approach over another
would result in better outcomes and, if so, which approach is optimal.

EVIDENCE-BASED PRACTICE
Traditionally, much of the practice of physical therapy, and specifically joint mobilization/manipulation, has evolved
because of the influence of practitioners who were able to organize their clinical experience into a cohesive entity
and disseminate this information to other clinicians. These clinicians are to be commended for their insight and
effort. Nevertheless, as Rothstein3 eloquently stated, “we do a disservice to the pioneers of manual therapy when we
worship their words and fail to advance the scientific basis on which they first developed.”
Evidence-based practice is a process of health care decision making that has evolved since the 1970s and is
increasingly influencing physical therapy practice. One consequence of the movement toward evidence-based
practice is the critical evaluation of health care theories and techniques using the best available research.
Adhering to evidence-based practice principles involves not only applying the best research evidence to a patient
scenario, but also integrating clinical expertise and patient values into the decision-making process.4 Using the “best
research evidence” entails the conscientious, explicit, and judicious use of clinically relevant research in making
decisions about the care of individual patients.4,5 The integration of clinical expertise involves the ability to use
clinical skills and past experience to identify a patient’s unique health status and the risks and benefits of potential
interventions. Finally, each patient has unique preferences, concerns, and expectations that have an impact on the
outcome of the therapeutic intervention. Patient care decisions should entail the identification and consideration of
patient values.4
Take the example of a patient who reports experiencing a recent exacerbation of low back pain accompanied by
radicular symptoms of numbness and weakness in the L4 nerve root distribution that had been treated successfully
in the past with spinal thrust joint manipulation. A review of the literature on the efficacy of spinal manipulation
for acute lumbar radiculopathy suggests that spinal manipulation might not be effective for these patients. The
decision whether to intervene with spinal manipulation would involve a process of weighing the evidence, which
does not strongly support the intervention, with the patient’s expectations, which do support the intervention, and
the clinician’s own experience with using spinal manipulation on patients with similar signs and symptoms. One of
several solutions to this clinical dilemma might be to use the least aggressive manipulation procedure known to the
clinician, perform it only once during that treatment session, and monitor the result of that intervention carefully
for the purpose of determining future actions. By adhering to the tenets of evidence-based practice, we are
recognizing the importance of all three of the aforementioned components, and not just information gleaned from
research studies.
The objective of this book is to describe the strategies and techniques commonly used by physical therapists to
examine, evaluate, and treat musculoskeletal impairments with joint mobilization/manipulation and to evaluate
them in relation to the current best evidence. The specific articles referenced in this book were chosen based on best
research evidence principles, relative to the specific issue being addressed.
There are numerous concerns with determining the validity of studies addressing the efficacy of manual
techniques in the treatment of patients with musculoskeletal conditions. Foremost is the issue with the strong
placebo effects that accompany interventions involving the laying on of hands, especially the placebo effects
associated with thrust joint manipulations accompanied by an audible crack. One additional concern is that many
musculoskeletal conditions are self-limiting: many patients improve with time regardless of the intervention. For
these reasons, in this book, priority was given to reporting efficacy studies that used a placebo or comparison group.
One other major concern with study validity involves the difficulty in blinding clinicians and subjects to the
intervention the subjects are receiving. Especially in relation to clinician blinding, most intervention studies
investigating mobilization/manipulation techniques were unsuccessful in avoiding this pitfall, adversely affecting the
validity of these study results.
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One issue related to spine research, but applicable to all musculoskeletal impairments, is the manner in which
impairments are classified. If joint mobilization/manipulation is extremely effective with one type of back pain, but
relatively ineffective with other types, studies that do not correctly classify patients in such a way as to identify this
trend would not be likely to show positive effects from the mobilization/manipulation intervention. Many studies
do not make any attempt to classify subjects beyond identifying them as having pain in a particular location.
At best, subjects also are classified based on symptom acuity. An alternative explanation for results of studies
indicating that joint mobilization/manipulation is not efficacious would be that the inclusion criteria was not
suitable for finding an effect.

INDICATIONS FOR JOINT MOBILIZATION AND MANIPULATION
Numerous rationales for performing joint mobilization/manipulation have been advanced. The major indications
recognized by physical therapists and the evidence supporting or refuting these indications are discussed in this
section. Many of these indications most likely operate in conjunction with one another. For example, it is possible
that, in addition to the reasons outlined under “pain reduction,” pain also might be reduced through other
mechanisms, such as muscle relaxation, an increase in the range of motion of periarticular muscles, or an increase in
nutrition to the joint.

Increasing Joint Extensibility and Joint Range of Motion
Theory
All joints are capable of physiological movement. Physiological movement occurs when muscles contract
concentrically or eccentrically, or when gravity causes the position of one bone of a joint to change in relation to the
other bone. This type of movement is categorized as osteokinematic motion. The different directions of movement
that each joint is capable of are called its osteokinematic degrees of freedom, defined as the number of components
within a movement system that specify position in space. A maximum of 6 different degrees of freedom are possible
in each joint: 4 degrees of freedom occur as the bone moves in both directions in two planes of motion
perpendicular to one another, and 2 degrees of freedom occur as the bone rotates around an axis perpendicular to
the joint surfaces. In most cases, the joint motion accompanying functional activities is the result of a combination
of more than one osteokinematic motion.
Joints also undergo arthrokinematic motion, which is defined as movement between two articulating surfaces
without reference to any of the external forces being applied to that joint. The number of arthrokinematic
movements that occurs at each joint is determined by the number of accessory motions. Accessory motion has been
defined as movement occurring between two joint surfaces that is produced by forces applied by the examiner6 and,
as with osteokinematic motion, usually refers only to movement in cardinal planes.
Normal accessory motion is believed to be necessary for full, pain-free osteokinematic movement to occur. Joint
mobilization/manipulation entails moving a joint through its accessory motion, thereby maintaining or increasing
the extensibility of articular structures. Joint mobilization/manipulation is therefore the recommended treatment
for restoring normal accessory motion, which is one criterion for the restoration of normal osteokinematic motion.
Although theoretically the joint capsule is the structure affected by joint mobilization/manipulation intervention
techniques, most likely other periarticular tissues, such as tendons, muscles, and fascia, also are targeted when joint
mobilization/manipulation is performed.
Some clinicians believe that accessory motion can be decreased even when joint range of motion is normal, and
that this impairment can lead to limitations in function. For example, full shoulder elevation can occur despite the
inability of the humeral head to glide fully in an inferior direction in the glenoid cavity. This limitation in accessory
motion is believed to be one cause of pain from glenohumeral joint impingement syndrome.
Articular and periarticular restrictions have been shown to result from immobilization of joints. Early studies
have identified many of the biomechanical and biochemical effects of immobilization on joint capsules. With
immobilization, there is a decrease in water content, resulting in a reduction in the distance between the fibers
constituting the joint capsule. This causes an increase in fiber cross-link formation, which produces adhesions. In
the absence of movement, as new collagen tissue is produced, additional cross-linking occurs. Immobilization also
produces adhesions between synovial folds. Additionally, fibrofatty connective tissue proliferates within the joint and
adheres to cartilaginous structures. Finally, the strength of collagen tissue decreases, resulting in a decrease in the
load-to-failure rate.7-9
Joint mobilization/manipulation is thought to reverse these changes by promoting movement between capsular
fibers. This movement is believed to result in an increase in interstitial water content and interfiber distance. It also
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is believed that when joints are mobilized/manipulated, synovial tissue stretches in a selective manner, causing a
gradual rearrangement of collagen tissue with a reduction of cross-link formation and the development of parallel
fiber configuration in newly forming collagen tissue. More aggressive manipulation techniques are thought to break
adhesion in the joint capsule and synovial folds and increase the length of capsular fibers. These responses to
mobilization/manipulation are believed to have the mechanical effect of increasing the amount of arthrokinematic
motion and consequently osteokinematic motion at a joint.
Studies of continuous passive motion machines have shown that movement does decrease the formation of
capsular adhesions. Still, there are no studies that identify histological joint changes resulting from joint
mobilization/manipulation techniques. There also is no conclusive research providing information regarding the
optimal type of mobilization/manipulation intervention, the amount of time a joint should be mobilized/
manipulated, or the optimal amount of force required to treat any of the many joint impairments, despite the fact
that these parameters are likely to have an impact on the efficacy of joint mobilization/manipulation interventions.
Nevertheless, increasing joint mobility is the most common rationale given by clinicians for performing joint
mobilization/manipulation interventions.

Evidence
Numerous studies have addressed the effect of joint mobilization/manipulation on joint range of motion in several
peripheral joints: the shoulder, wrist, metacarpophalangeal joints, and ankle. The earliest study was performed on
mongrel dogs. The right carpal joint of 12 dogs was immobilized for 6 weeks. The dogs were randomly assigned to
receive either passive range of motion or passive range of motion with the addition of joint mobilization. Outcomes
were measured weekly for 4 weeks and consisted of functional range of motion and the amount of time to reach
maximum range of motion during gait. The investigator concluded that although range of motion improvements
were greater in the group receiving joint mobilization, the study results should be interpreted cautiously. Evidently
there was a great amount of variability among study animals, including differences in the extent to which the
immobilization process affected joint range of motion.10
A study of mobilization of hand joints was performed on 18 human subjects who were immobilized after a
fracture of the metacarpophalangeal joint. Subjects were randomly assigned to receive either a home exercise
program or a home exercise program with the addition of joint mobilization. Outcome measures included active
and passive range of motion, evaluated three times over one week of treatment. Increases in range of motion were
significantly greater in the treatment group compared with the control group. This study provides evidence to
support the premise that joint mobilization, combined with exercise, improves joint range of motion.11
A second study addressing the effect of joint mobilization/manipulation on the metacarpophalangeal joint was
performed. In this study, 33 asymptomatic subjects were randomly assigned to receive mobilization to either the left
or right third metacarpophalangeal joint. The contralateral third metacarpophalangeal joint received a thrust joint
manipulation. In both groups, there was an increase in range of motion, although the increase was significantly
greater in the group that received manipulation.12
Several studies have documented increases in shoulder joint range of motion after glenohumeral joint
mobilization/manipulation. In each of these studies, one objective was to determine whether gliding the
glenohumeral joint in a particular direction was associated with increases in range of motion in a particular
direction. Gliding techniques, performed in several different directions with sufficient force to take the joint through
tissue resistance, increased motion in shoulder flexion, abduction, and rotation.13-17 These studies are described in
greater detail in Chapter 2.
In relation to the ankle joint, study results are equivocal. When 20 asymptomatic subjects received a single
talocrural distraction thrust joint manipulation, there was no significant increase in dorsiflexion range of motion
compared with the untreated ankle.18 In a similar study, 41 asymptomatic subjects were randomly assigned to
receive either a single talocrural distraction thrust joint manipulation or no intervention. In this study, there also
was no significant increase in dorsiflexion range of motion compared with the untreated ankle.19
Conversely, 10 subjects whose ankles had been immobilized in a cast for 6 weeks due to a fracture were randomly
assigned to receive either exercise or exercise and joint mobilization to the joints of the leg and foot, based on an
accessory motion examination. Subjects who received joint mobilization in addition to exercise had a significant
increase in range of motion compared with the control group.20
In a similar study, 22 subjects presenting to a podiatry clinic with decreased range of motion into dorsiflexion
who received thrust joint manipulation were compared with subjects in a prior study who had received stretching
exercises. Manipulation consisted of anterior glide of the proximal tibiofibular joint and distraction and posterior
glide of the talocrural joint. The increase in dorsiflexion range of motion was significantly greater in the group
receiving manipulation.21
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In a more recent study involving ankle joint mobilizations performed on 14 subjects with lateral ankle sprains,
subjects were assigned to receive mobilization with movement to the ankle, a placebo treatment, and no treatment
in random order. The intervention in this study consisted of a posterior glide of the distal fibula on the tibia with
repeated active ankle inversion movements. There was a significant increase in dorsiflexion range of motion after the
mobilization with movement technique was performed compared with the other two conditions.22
Several studies addressed the effects of mobilization/manipulation on range of motion of spinal joints. In one
study of 24 asymptomatic subjects with asymmetrical neck motion into side bending, the investigator concluded
that there was a significant increase in cervical range of motion after thrust joint manipulation to the lower cervical
spine compared with subjects assigned to receive a placebo manipulation.23 In a second study, performed on 16
subjects with chronic neck pain, subjects showed an improvement in cervical range of motion after a thrust joint
manipulation to restricted C5-6 and C6-7 segments.24
The relative effect of cervical spine mobilization was compared with that of thrust joint manipulation in a
randomized trial of 100 subjects with neck pain. In this study, both groups experienced a similar increase in range
of motion, suggesting that mobilization and manipulation are equally effective in increasing range of motion.25
The effect of a single thoracic spine thrust joint manipulation was studied in 78 asymptomatic subjects. Subjects
were randomly assigned to receive a thoracic spine thrust manipulation to a restricted joint segment, mobility
testing only, or no intervention. Thoracic spine manipulation was associated with an increase in active range of
motion into left side bending, but not into right side bending or forward bending, compared with the other two
groups.26
Several studies addressed range of motion changes after lumbar spine mobilization/manipulation. Two early
studies showed improvements in range of motion after lumbar spine mobilization/manipulation. In the first study,
94 subjects were randomly assigned to receive Maitland mobilization/manipulation or a placebo treatment. Subjects
receiving mobilization/manipulation experienced a significant improvement in lumbar range of motion after
treatment, but no difference by 1-year follow-up, compared with the placebo group.27 In the second study, subjects
consisted of 51 women with a confirmed disc prolapse. Subjects were alternatively assigned to receive lumbar spine
rotation mobilization/manipulation or diathermy, gentle flexion exercises, and patient education. The group
receiving mobilization/manipulation obtained a significant increase in lumbar range of motion compared with the
comparison group.28
A more recent study compared the relative effects of five approaches on range of motion: two different exercise
programs, Maitland mobilization, an intervention consisting of physical agents, and a placebo group. A total of 250
subjects with chronic low back pain after L5 laminectomy were randomly assigned to one of the five groups. There
was a significant improvement in lumbar extension range of motion in the mobilization and in the exercise groups
compared with the groups receiving physical agents and no intervention, but lumbar flexion range of motion
increased only in the exercise groups.29
In conclusion, studies addressing the effect of mobilization/manipulation on range of motion provide evidence
of this association. Qualitative differences in results among studies might be due in part to differences in the type,
frequency, or intensity of the mobilization/manipulation technique or to idiosyncratic differences among specific
joints, subjects, or clinicians. One explanation for the result of the two studies that failed to show an association
between mobilization/manipulation and range of motion is that the effect of joint mobilization/manipulation might
be related to the pretreatment condition of the joint: Range of motion increases are likely to be greater in joints with
signs and symptoms of impairment.

Decreasing Pain
Theory
Numerous neurological mechanisms have been proposed to explain the purported effect of pain reduction
secondary to mobilization/manipulation techniques. Included are theories that propose that pain reduction occurs
via activation of pain inhibitory mechanisms or pain control centers in the central or in the peripheral nervous
system, or via chemical changes in peripheral nociceptors. Controversy currently exists over the validity of these
theories, and to date, no single theory has emerged as being more widely accepted than others. Possibly, pain
reduction from joint mobilization/manipulation is a multifaceted phenomenon.

Evidence
Several studies have shown that hypoalgesia occurs as a result of mobilization/manipulation techniques. Four of
these studies addressed this effect in relation to mobilization/manipulation of peripheral joints.
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In one study, 24 subjects with chronic lateral epicondylalgia were assigned to receive mobilization with
movement to the elbow, a placebo treatment, and no treatment in random order. Outcome measures included painfree grip force and pressure pain threshold, measured in the affected and unaffected arms. Results showed an
increase in pain-free grip force and pressure pain threshold in the affected arm after mobilization compared with
the other two conditions. There were no significant changes in the unaffected arm.30
The same mobilization intervention was investigated in a follow-up study of 24 subjects, also with chronic lateral
epicondylalgia. The design of this study was similar to that of the first study, although in this study, outcomes were
measured only on the affected limb, and thermal pain threshold was also measured. Results showed an increase in
pain-free grip force and pressure pain threshold, but no change in thermal pain threshold with mobilization,
compared with the other two conditions.31
A third study, performed by many of the same researchers and using the same study design as in the last two
studies, investigated the effects of mobilization on pain in 14 subjects with lateral ankle sprains. The intervention
was a mobilization with movement posterior glide of the distal fibula on the tibia with repeated active ankle
inversion movements. There were no changes in pressure or thermal pain threshold after any of the three
conditions.22
A different group of investigators studied the effects of knee mobilization on 31 rats. These animals were injected
with capsaicin, a drug that causes hyperalgesia. The rats were randomly assigned to receive no contact; manual
contact; or 3, 9, or 15 minutes of knee mobilization. Hyperalgesia, determined by withdrawal threshold, was
decreased for 30 minutes in the group that received 9 and 15 minutes of mobilization, but not in either of the
control groups or the group that received treatment for 3 minutes.32
Several studies addressing mobilization/manipulation and pain assessed this association in relation to the spine.
In one study, 30 subjects with mid to lower cervical pain of insidious onset were studied. These subjects received an
anterior glide mobilization procedure that involves taking the articular tissue through tissue resistance (grade III) to
the C5 facet on the painful side, a placebo condition consisting of manual contacts, and a control condition
consisting of no physical contact between subject and clinician in random order. After the mobilization technique,
subjects experienced a significant increase in pressure pain thresholds and a decrease in visual analogue scores
compared with the other two conditions.33
Pain from lateral epicondylalgia also was shown to decrease as a result of C5 side glide mobilizations in two
studies. In the first study, 15 subjects received mobilization while positioned in a predetermined upper limb tension
test position, placebo treatment, and no treatment in random order. Pressure pain threshold, pain-free grip strength,
and pain scores improved after treatment compared with the placebo and control group conditions.34 The second
study was performed on 24 subjects with chronic lateral epicondylalgia, using the same study design. In this study,
there also was evidence of greater hypoalgesia after mobilization compared with the other two conditions.35
The hypoalgesic effect of thoracic spine mobilization versus thrust manipulation also was studied. In this study,
in which 50 asymptomatic subjects were randomly assigned to receive either mobilization or manipulation, there
was a statistically significant elevation in pain tolerance to an experimentally induced electrical pain stimulus after
manipulation compared with the group that received mobilization.36
In a randomized controlled trial involving the lumbar spine, the hypoalgesic effect of mobilization was compared
with that of thrust manipulation in 30 subjects with chronic mechanical low back pain. The outcome was
pain/pressure threshold of selected myofascial points at three times up to 30 minutes after treatment. There were no
differences in pain/pressure threshold between the two groups.37
A different study of the hypoalgesic effects of lumbar spine mobilization was performed on 30 subjects with
rheumatoid arthritis. These subjects were randomly assigned to receive 12 minutes of mobilization or rest.
Mobilization consisted of manual oscillations that did not take the joint to tissue resistance (grades I and II) to T12
and L4 for a total of 12 minutes. Subjects receiving this intervention experienced an increase in pain threshold in
their spine, knees, and ankles compared with the group receiving rest.38
In conclusion, there is evidence of a hypoalgesic effect after joint mobilization/manipulation. This effect seems to
occur regardless of the technique being used, the joint being treated, or the impairment being addressed.

Promoting Muscle Relaxation
Theory
As with pain reduction, relaxation of periarticular muscles is believed to occur with mobilization/manipulation by
means of neurological mechanisms: mobilization/manipulation stimulates joint receptors, which is thought to
reflexively relax periarticular musculature.
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Evidence
The effect of spinal thrust joint manipulation on muscle activity was studied in 34 subjects with joint hypomobility,
with and without musculoskeletal pain. Subjects were assigned to receive thrust manipulation to hypomobile
thoracic and lumbar segments or no intervention. Subjects receiving manipulation had on average a 20% reduction
in paraspinal muscle activity compared with controls, determined by electromyogram activity.39 In a different study
involving subjects with unilateral low back pain, similar results were reported in relation to hamstring muscle
activity measured before and after spinal manipulation.40
These studies suggest that spinal manipulation reduces muscle activity in muscles associated with spinal
impariment. The specific mechanism of this association is unknown.

Increasing Muscle Strength
Theory
Swelling secondary to joint impairments has been shown to be a cause of inhibition of muscles that act on that
joint. Some clinicians believe that this inhibition is decreased when normal joint mechanics are restored using joint
mobilization/manipulation techniques.

Evidence
The effect of joint mobilization on muscle inhibition has been studied in relation to the hip. Forty asymptomatic
subjects with normal hip range of motion were randomly assigned to receive an anterior glide mobilization that
does not take the joint to tissue resistance (grade I) or one that does take the joint through resistance (grade IV).
Gluteus maximus isometric strength at end range was measured before and immediately after the mobilization
procedure was performed. Subjects receiving grade IV mobilization had a significant increase in strength compared
with subjects receiving grade I mobilization. This increase in strength occurred despite the exclusion of subjects with
hip joint hypomobility from the study.41
Most of the studies addressing the effect of mobilization/manipulation on strength were performed using spinal
mobilization/manipulation interventions. In one study performed on 16 subjects with chronic neck pain, biceps
muscle strength improved after a thrust joint manipulation to restricted C5-6 and C6-7 segments.24
An increase in lower trapezius strength occurred after a thoracic spine mobilization intervention in a study of 40
asymptomatic subjects. These subjects were randomly assigned to receive either grade IV (through tissue resistance)
or grade I (not up to tissue resistance) anterior glide mobilizations to T6-12. Subjects receiving grade IV
mobilization experienced a significant increase in lower trapezius muscle strength compared with subjects receiving
grade I mobilizations.42
In another study investigating the strength effects of mobilization/manipulation, 18 subjects with anterior knee
pain and sacroiliac joint dysfunction were treated with a thrust joint manipulation to correct the sacroiliac joint
dysfunction on the side of the more painful knee. After correcting the sacroiliac joint dysfunction, a significant
increase in knee extension torque occurred on the symptomatic side.43
Joint mobilization/manipulation performed through tissue resistance seems to have the effect of increasing
muscle strength in the short term, regardless of whether or not the joints receiving the intervention are impaired.
This finding is puzzling, given that two other studies showed an inhibitive effect on specific muscles. In the two
studies showing muscle inhibition, subjects had impairments in the joints receiving the intervention, and the
muscles that showed inhibition are recognized as those that often guard the impaired joints that were treated. It is
therefore possible that these muscles were in spasm. The evidence suggests that joint mobilization improves muscle
performance, regardless of the presence or nature of the muscle impairment.

Improving Joint Nutrition
Theory
Articular surfaces are avascular and receive their nutrition from synovial fluid. For diffusion of nutrients to occur,
the synovial fluid must circulate within the capsule to allow nutrients to contact the articular surface. In normal
joints, joint movement through functional activities provides a mechanism for the circulation of synovial fluid.
Joints that are restricted often cannot obtain adequate nutrition because insufficient range of motion reduces
movement of synovial fluid within the synovium. Joint mobilization/manipulation is believed to improve nutrition
to synovial tissue by promoting the circulation of synovial fluid within the capsule.
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Evidence
There are no published research studies that address this theory.

Correcting Positional Faults
Theory
Joint surfaces can alter their position in relation to one another. If this alteration in position is severe, it is called a
dislocation; however, if minimal, it is considered a positional fault. Even minimal displacement is believed to place
abnormal stress on periarticular structures and can be a source of pain and neuromuscular dysfunction.
Mobilization/manipulation of one of the joint surfaces in the direction consistent with realigning it into its
correct position is thought by some clinicians to normalize the static positioning of one joint surface in relation to
the other, thereby reducing pain. For example, if the lunate was positioned in a posterior direction in relation to the
radius, treatment would be directed toward mobilizing/manipulating the lunate in an anterior direction in relation
to the radius; this could result in the restoration of normal alignment of the two articular surfaces. Other clinicians
believe that the positional fault can be eliminated if the joint is mobilized/manipulated in the direction of greatest
restriction. Positional faults are believed to be more common in the spine than in the extremities.

Evidence
Debate currently exists regarding even the most basic concepts related to the existence of positional faults. This is
due in part to the fact that positional faults are recognized by many chiropractors as being a common source of back
pain, although in the chiropractic literature, they are referred to as “subluxations.”
A 1988 review of the medical and chiropractic literature concluded that there is no valid research showing that
subluxations/positional faults correlate with pain or are a cause of hypomobility in the spine. The authors also
concluded that spinal facet subluxations (positional faults) of less than 4.5 mm are not detectable by radiography.
Furthermore, when comparing pre-manipulation and post-manipulation radiographs, clinicians were not capable of
detecting a change in vertebral position after a chiropractic spinal thrust joint manipulation.44 These findings are
consistent with a more recent research study involving the sacroiliac joint, in which joint manipulation did not
cause a detectable change in the relative position of the ilium on the sacrum, when measured by roentgen
stereophotogrammetric analysis.45 Even if spinal positional faults are a cause of back pain, given that these changes
are not detectable using radiography, any changes in spinal alignment are not likely to be detectable using manual
palpation techniques, which is the most common method used by physical therapists to identify these impairments.

Eliminating Meniscoid Impingement
Theory
Intracapsular meniscoid structures are present in some joints, most notably tibiofemoral and spinal facet
articulations. Facet menisci are believed to be capable of becoming entrapped, or impinged, between the two facet
joint surfaces, causing the joint surfaces to lock. This impingement is thought to occur most often with movement
into spinal flexion and rotation and is accompanied by pain. Spinal manipulation techniques that allow the facet
joint surfaces to gap are thought to release the entrapped meniscoid tissue and restore normal joint motion.

Evidence
No studies have specifically addressed the effect of spinal mobilization/manipulation on meniscoid impingement;
however, investigators have addressed the anatomical plausibility of this theory. In one study and in a follow-up
review of the literature, the investigators concluded that the morphology of the lumbar zygapophyseal menisci is
incompatible with the meniscal entrapment theory.46,47

Reducing Spinal Joint Disc Herniation
Theory
During spinal manipulation, some clinicians believe that sufficient negative pressure is created between the vertebral
bodies to draw the herniated disc material back into the intervertebral space.

Evidence
An early study addressing the effect of spinal manipulation on disc herniation reported that there was no reduction
in the protruded disc or change in the nerve root in subjects undergoing manipulation under anesthesia.
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Furthermore, the clinical results of manipulation intervention were superior among subjects with negative
myelograms compared with subjects with myelographic evidence of disc herniation.48
In a 1986 review of the literature addressing this issue, Crock49 supported these findings. He concluded that there
is no evidence to justify the use of spinal manipulation to reduce disc herniations. There was, however, a reduction
in pain and disability with spinal manipulation in a more recent clinical trial of 40 subjects with disc herniation in
which manipulation was compared with chemonucleolysis. More studies are needed before drawing firm
conclusions regarding the use of spinal mobilization/manipulation techniques for disc herniations.50

Systemic Physiological Effects
Theory
Many clinicians adhere to the premise that mobilization/manipulation can cause measurable changes in the
physiology of numerous remote tissues. This theory ostensibly has been presented to justify the use of
mobilization/manipulation for the treatment of both musculoskeletal and non-musculoskeletal disease processes.
A number of studies have shown physiological changes resulting from joint mobilization/manipulation
interventions. Studies that are most commonly described in the physical therapy literature address sympathetic
nervous system changes, and they are discussed below.

Evidence
Several sympathetic nervous system changes have been shown to occur as a result of peripheral joint mobilization.
In one study, 19 subjects without upper quarter joint impairment received grade III (through tissue resistance)
glenohumeral joint anterior glide mobilizations, a placebo treatment, and no treatment in random order. After
mobilization, there was a significant increase in skin conductance and temperature of the distal fingertip on the side
that was treated compared with the placebo and control conditions.51
A mobilization with movement technique was studied on a sample of 24 subjects with chronic lateral
epicondylalgia. Subjects were assigned to receive treatment with mobilization with movement, a placebo treatment,
and no treatment in random order. Several measures of sympathetic nervous system function were obtained,
including cutaneous blood flow, skin conductance, skin temperature, blood pressure, and heart rate. Heart rate and
blood pressure increased, and all measures of cutaneous sympathetic nervous system function were activated after
the mobilization with movement technique, but were unchanged after the placebo and control conditions.31
Most of the studies addressing sympathetic nervous system changes resulting from joint
mobilization/manipulation techniques were performed on the cervical spine. Many of the same researchers who
performed the aforementioned studies of the sympathetic nervous system effects on peripheral joints performed six
of these studies. Similar to the peripheral joint studies, in these studies a measure of sympathetic nervous system
activity was compared under three different conditions. Subjects received a grade III (through tissue resistance)
mobilization to the mid cervical spine, a sham intervention consisting of manual contact, and a control condition
consisting of no manual contact in random order. In each case, the grade III mobilization resulted in the measure of
increased sympathetic nervous system activity compared with the other two conditions. The first study was
performed on 16 asymptomatic men. The mobilization consisted of an anterior glide to the spinous process of C5,
and the outcome was skin conductance and skin temperature.52 In the second study, a left side glide mobilization
was administered to the C5 vertebra of 34 asymptomatic subjects, while also positioning the right upper extremity
in one of two upper limb tension tests. These interventions resulted in an increase in skin conductance, but no
change in skin temperature, compared with the other two conditions.53 The third study was performed on 23
asymptomatic subjects using an anterior glide to the spinous process of C5. The sympathetic nervous system
activities measured were respiratory rate, heart rate, and blood pressure.54 The fourth study was performed on 24
asymptomatic subjects, in which a side glide technique resulted in an increase in systolic and diastolic blood
pressure, heart rate, and respiratory rate.55 In the fifth study, 24 subjects with lateral epicondylalgia were studied. A
cervical side glide mobilization resulted in changes in skin conductance, skin temperature, and blood flow.35 In the
sixth study, 30 subjects with mid to lower cervical spine pain received an anterior glide to the C5 facet joint on the
painful side. The outcome measure for this study consisted of skin conductance and temperature.33
A study by a different investigator of 24 asymptomatic subjects with asymmetrical neck motion into side bending
reported different results. The investigator found that although there were significant changes in cervical range of
motion after thrust manipulation to the lower cervical spine compared with sham manipulated subjects, there were
negligible changes in heart rate, blood pressure, or blood plasma indicators of sympathetic nervous system activity.23
Disparity in study results might be due to differences in technique or the manner in which the technique was
administered. In a separate study, investigators reported that sympathetic nervous system effects differed when the
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technique varied. There was a significant increase in skin conductance after a grade III (through tissue resistance)
anterior glide mobilization to the spinous process of C5 performed at the rate of two oscillations per second, but no
change after an intervention consisting of oscillations at the rate of one every two seconds or a baseline condition
consisting of no manual contact. There were no changes in skin temperature after any of these three conditions.56
These studies indicate that some mobilization/manipulation techniques produce a generalized
sympathoexcitatory response. Nevertheless, the relevance of an increase in sympathetic nervous system activity in
the treatment of joint impairments is unclear, other than its potential indirect effect on pain reduction.

Placebo and Psychological Effects
Theory
Clinicians should not discount the psychological benefit of a treatment comprising techniques requiring touch. This
is especially true in our current medical system, in which there are only a few remaining practitioners who heal by
the laying on of hands.

Evidence
One common concern of researchers with any intervention study is the potential threat to validity caused by a
placebo effect. This is especially the case in research involving the effect of manual techniques on pain because these
techniques have been shown in numerous studies to be powerful placebos. Although clinicians are eager for patients
to improve regardless of the reason for the improvement, it is important to recognize that when treating patients
with pain, it is estimated that 30% of the effect is attributable to providing attention and hands-on care to patients.
Patients are better served if we choose techniques that have an effect on outcomes beyond the effect of placebo. The
effects of placebo are likely to have less of an influence on other outcomes, such as range of motion.

Summary
The evidence supports the use of joint mobilization/manipulation interventions to address specific impairments in
patients with musculoskeletal conditions: decreased joint range of motion, pain, and impaired muscle performance.
In doing so, the clinician assumes that the patient’s level of functioning also will improve.

PRECAUTIONS AND CONTRAINDICATIONS
In the case of joint mobilization/manipulation intervention, it is arguably reasonable to adopt a strategy of “never
saying never.” There are, however, numerous conditions in which a clinician should weigh the risks and benefits
carefully before choosing whether or not to administer a particular joint mobilization/manipulation intervention.
Many of the precautions listed subsequently have been identified as such because they appeal to common sense:
They are not evidence based.
When considering whether to perform a particular technique, it is important to take into account the amount of
force produced and the duration of treatment. In general, it is a good strategy to use the least aggressive technique
that would accomplish the goal of treatment. In the case of determining whether to intervene with
mobilization/manipulation for all patients, especially patients with the following precautions, it is important to
consider whether less aggressive techniques (joint mobilization/manipulation or some other intervention) would
produce the desired outcome with less risk of an adverse reaction than more aggressive techniques, or if the best
course of action is no intervention whatsoever.
Numerous precautions and contraindications relate specifically to the spine mobilization/manipulation. These
are described in Chapter 9. Precautions and contraindications relating to all joints are as follows:
1. Any condition that has not been fully evaluated
2. Joint ankylosis
3. Joint hypermobility, if techniques that take the joint through its end range are being considered, unless a
positional fault is being treated
4. An infection in the area being treated
5. A malignancy in the area being treated
6. An unhealed fracture in the area being treated
7. Inflammatory arthritis in the area being treated, especially if it is in a state of an exacerbation
8. Metabolic bone diseases, such as osteoporosis, Paget’s disease, and tuberculosis
9. Any debilitating disease that compromises the integrity of periarticular tissue (e.g., advanced diabetes)
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10. Long-term use of corticosteroids
11. When there is considerable joint effusion in the area being treated (because it is difficult to evaluate joint
mobility accurately, as swelling takes up some of the slack in the joint capsule)
12. Considerable joint irritability or pain in the area being treated
13. Protective muscle spasm to the extent that the clinician is unable to evaluate mobility in the area being treated
14. Pain in adjacent segments that is aggravated by the placement of the clinician’s hands when attempting to
perform mobilization/manipulation techniques
15. Coagulation impairments
16. Skin rashes or open or healing skin lesions in the area being treated
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Principles of Examination,
Evaluation, and Intervention
EXAMINATION AND EVALUATION
All patients should undergo a full evaluation before any physical therapy intervention is performed, including
treatment with joint mobilization/manipulation. The evaluation should consist of a complete history and a
thorough physical examination, which includes an inspection of posture, positioning, gait, and body type; palpation
of relevant soft and bony tissue; assessment of range of motion; examination of accessory movements; muscle
strength testing; neurological testing; and special tests designed to rule in or out specific conditions. Radiographs
should be examined whenever possible. Signs and symptoms should be consistent with the diagnosis, and a
complete plan of care should be generated from the diagnosis, taking into consideration the acuity of the injury
and any medical, surgical, psychosocial, or financial concerns.
Examination of accessory movements is crucial to the performance of any joint mobilization/manipulation
technique. Testing is initiated by placing the joint to be examined in the resting, or loose-packed position.
Kaltenborn1 defined the resting position as the joint position in which the periarticular tissues are most lax. The
resting position also is often the position that is most comfortable for patients with joint pain. Joints are tested in
the resting position because this is the position with the greatest amount of accessory movement. If limitations in
range of motion or pain prevent the clinician from placing the joint in the resting position, the position that is most
comfortable for the patient and in which there is the least amount of soft tissue tension should be used to examine
accessory movements. Kaltenborn1 used the term actual resting position to describe this position.
In a study addressing hip biomechanics, hip joint separation was greater when the joint was placed in the resting
position compared with the position believed to have the least joint laxity.2 For most other joints, the resting
position has not been determined using research methodology. Nevertheless, several clinicians have described
resting positions for most of the joints that are treated with mobilization/manipulation techniques, presumably
based on clinical experience. Resting positions are listed in the introductory section for each joint in its respective
chapter. In cases in which there is evidence of a resting position, the research was cited. Otherwise, the resting
position listed corresponds to the position described by Kaltenborn,1 who developed this concept.
Accessory motions are examined by moving one of the articular surfaces of the joint in a direction that is
perpendicular or parallel to the joint. These directions are determined by identifying the concave joint surface
and visualizing the plane in which that joint surface would lie in if it were flattened out. This plane is called the
treatment plane.
Passively moving either bone in a direction perpendicular to the treatment plane such that the bones separate
constitutes a traction or a distraction technique, and moving either bone in a direction perpendicular to the
treatment plane such that the two bones approximate one another constitutes a compression technique (Fig. 2-1).
If the bones are moved in a direction parallel to the treatment plane, a glide accessory motion is being performed
(Fig. 2-2). In many joints, glides can be performed in several directions. An oscillation motion often accompanies the
glide mobilization. Less often, but occasionally, tractions are accompanied by this oscillation movement.
Since the treatment plane is identified in reference to the concave joint surface, it moves if the concave joint
surface is part of the moving bone and remains stationary if the convex joint surface moves. A
mobilization/manipulation administered to a long bone is not always performed parallel or perpendicular to the
long axis of that bone. For example, because of the anteriorly directed angulation of the forearm in relation to the
treatment plane of the ulna, humeroulnar traction mobilizations/manipulations are performed in a direction of
45 degrees less flexion than the angle of the forearm (Fig. 2-3) because this is the direction perpendicular to the
17
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treatment plane. Based on the definition of a traction mobilization/manipulation, techniques that are directed along
the axis of the long bone are not always true traction techniques. These techniques are called long axis tractions to
distinguish them from tractions administered perpendicular to the treatment plane.
The examination procedure is performed such that the motion is taken up to and slightly through tissue
resistance, and is usually performed in the same direction as the intended treatment mobilization/manipulation
technique. Since it is difficult to examine accessory motion using muscle energy techniques, the indications for
techniques involving muscle energy are determined by examining the corresponding accessory motion using passive
accessory motion examination procedures. In the spine, because of the complexity of some techniques, in some
cases, the examination technique differs from the corresponding treatment technique. In these situations, the
corresponding examination technique is described along with the description of the intervention mobilization/
manipulation.
As a rule, the clinician evaluates all possible accessory motions for each joint being evaluated. An accessory
motion examination entails an evaluation of the amount of excursion or mobility present in a particular joint when
moved in a particular direction, an evaluation of the presence of pain, and a determination of the type of tissue
resistance felt at the end of the range for each accessory motion. The clinician evaluating the patient also should
consider whether, and if so, how these accessory motion findings corroborate with other components of the physical
examination.

Excursion
To understand more clearly the nature of soft tissue extensibility and its relationship to joint mobilization/
manipulation, it is important to become familiar with the characteristics of the stress-strain curve (Fig. 2-4). Rules
of stress-strain, or load deformation, are applicable to all solid tissue. As an external tensile force is applied to a
tissue (stress or, in this case, a mobilization/manipulation force), the tissue undergoes several transitions (strain).
The first stage is the elastic phase, in which the stretched tissue returns to its original configuration when the
external force is removed. The second stage is the plastic phase, in which permanent elongation of the stretched
tissue occurs when the external force is removed. The third stage is the failure or breaking point, in which separation
of the elongated tissue occurs. Within the plastic phase, there is a point at which a decrease in load is accompanied
by an increase in deformation. This is called the necking point and is an indication that the breaking point is about
to be reached.
Joint mobility is evaluated by performing either a glide or a traction mobilization and by moving the bone up to
and slightly through the limit of the available motion into tissue resistance. The clinician is evaluating the amount
of motion that occurs up to the point where an increase in tissue resistance is felt. This point theoretically
corresponds to the end of the elastic phase and the beginning of the plastic phase on the stress-strain curve.
The amount of motion from the starting position for the two joint surfaces to the point where tissue resistance is
felt is graded according to the amount of excursion the bone undergoes. Most clinicians grade excursion, or
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FIG. 2-4. Stress-strain curve.
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